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ABSTRACT-The influence of human activities on riparian zone
vegetation differs markedly by ecoregion and stream size. Large rivers,
dams and water diversions affect ecological processes more than local
land uses do. However, for small streams, the reverse is generally true.
Examples demonstrating these relationships include studies completed
on the Missouri River in North Dakota, the Platte River in Nebraska, and
Foster Creek in western South Dakota. On the Missouri River, damming
has stopped river meandering and the regeneration of riparian forests in
gaps between reservoirs. In contrast, on the Platte River, diversion of a
large portion of the flow for cropland irrigation has contributed to the
expansion of riparian forests. And on Foster Creek, the riparian zone was
destroyed by homesteading early in this century; however, the creek is
recovering because of improved land management. I conclude that resto-
ration methods need to be tailored to deal with the large variation in
stream response to human use.
Introduction
Riparian (floodplain) vegetation covers less than one percent of the
Great Plains. Yet, it has a disproportionately large effect on biodiversity and
watershed processes (Cummins 1974; Johnson and McCormick 1979). The
diversity of species and habitats associated with floodplain ecosystems is
produced and maintained by active geomorphic processes, such as stream
meandering, sedimentation, and erosion (Brinson et al. 1981; Gregory et al.
1991; Malanson 1993; Hughes 1994). These processes create environments
that vary in location, in age (time since disturbance), in soil physical and
chemical properties, and in moisture (hydroperiod, water table depth)
(Stanford et al. 1996).
Riparian landscapes of the Great Plains have been transformed by
human activities, such as clearing for agriculture, grazing, channelization,
damming, and water diversion. The effect of these modifications on riparian
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areas varies with size of the river. For example, damming and diversion of
water on large rivers, such as the Missouri River in North Dakota and the
Platte River in Nebraska, have altered most characteristics of the stream
hydrograph (Reily and Johnson 1982; Johnson 1994). And, cultivation and
intensive grazing of riparian areas along small streams have increased ero-
sion and gullying, effectively draining streamside aquifers (Boettcher and
Johnson 1997). My aim in this paper is to examine the contrasting responses
by the riparian vegetation along these streams to human influences and to
outline approaches for restoration in relation to these responses.
Missouri River, North Dakota
The Missouri River is classified as a meandering stream, one that
moves laterally across its floodplain during high flow events (Kircher
1983). The gradient of the Missouri River is relatively flat (0.00016 m/m),
and it is relatively deep (average depth 12m) (Kircher 1983). Its bed materi-
als are fine clay to sand. As the channel moves during floods, it reworks the
floodplain, by eroding the outside of river curves and depositing the sedi-
ment as point bars on the inside of river curves (Leopold and Wolman 1957).
The bare, moist soil of these point bars provides optimal sites for coloniza-
tion by cottonwood and willow trees (Johnson et al. 1976; Noble 1979;
Bradley and Smith 1986; Hughes 1994). In the Dakotas, a cottonwood forest
establishes in about 25 years. An understory of later successional species
develops in about 75 years (Johnson 1992). And, a forest of mature late
successional species replaces the early successional cottonwoods after a
century or more (Johnson 1992). Farther west, in Montana, grassland may
replace pioneer forests in the successional sequence (Boggs and Weaver
1994).
Although the Missouri River has a history of flooding and channel
meandering, one-third of it is now dammed with large impoundments (Hesse
1996). These impoundments are concentrated on the upper Missouri River.
Six large mainstem reservoirs occur in the Dakotas and in eastern Montana.
Remnants of the floodplain forest remain in gaps between the reservoirs.
Construction of dams has reduced peak flow, but not total annual flow (Reily
and Johnson 1982). For example, between 1928 and 1953, about two-thirds
of the annual peak flows at Bismarck, North Dakota exceeded 2,500 m3/s
(Fig. 1). Since 1953, no peak has exceeded 2,500 m3/s. This major reduction
in peak flow has stopped the meandering of the river and, so the formation
of new point bars.
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Figure 1. Annual streamflow peaks for the Platte River and Missouri River showing the
effect of water regulation. Data from US Geological Survey gages in Bismarck, North
Dakota, and Overton, Nebraska.
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As a result, vegetation has changed on the Missouri River floodplain
(Johnson 1992). Prior to damming, the meandering river channel stimulated
extensive cottonwood reproduction. Channel meandering and point bar for-
mation associated with flooding are necessary to perpetuate these forests
because cottonwoods are unable to reproduce successfully in closed forest
conditions (Scott et al. 1997). With the reduction in peak flows, cottonwoods
are no longer regenerating, and existing cottonwood forests are being re-
placed by relatively stable forests of later successional species. A decline in
biodiversity will accompany the decline of cottonwoods because a large
proportion of the biota of the Great Plains is associated with cottonwood
communities. The highest diversity of trees, birds, and small mammals
occurs in older cottonwood forests mid-way along the successional gradient
(Johnson 1992).
Platte River, Nebraska
The Platte River is classified as a braided stream, one with anastamosing
channels circumscribing numerous islands. The Platte River is relatively
wide and shallow «1m) (Osterkamp and Hedman 1982), and it has a coarse-
textured riverbed (sand to gravel). The stream gradient is relatively steep
(0.00125 mlm) (Kircher 1983). Large reductions in flow cause both large
reductions in the width of the wetted channel and small decreases in the
average depth. The proportion of active channel exposed and available for
plant colonization is highly sensitive to flow changes in the low flow range.
The Platte River and its tributaries, the North Platte and South Platte
Rivers, have a long history of water management (Knopf and Scott 1990).
Dams were built on both the North and South Platte Rivers in the early-to-
mid 1900s, but no mainstern reservoirs have been constructed on the Platte
River itself, except for small impoundments behind diversion dams (Eschner
et al. 1983). The hydrograph of the Platte River has been altered by the
operation of large upstream reservoirs and large diversions of water to
irrigate cropland (Johnson 1998). The mean annual flow of the Platte River
declined early in the century after the large dams were built. Mean annual
flow remained low between the 1930s and 1960s, but it has rebounded in
recent decades (Johnson 1998). In addition, the peak flows of the Platte
River have been reduced since the 1930s (Fig. 1). While these peak flows
have been quite variable, current peak flows are approximately half of those
earlier in the record (Fig. 1).
Unlike the Missouri River, flow regulation of the Platte River has
caused an increase in cottonwood forests (US Fish and Wildlife Service
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Figure 2. Open channel area changes (%) for the central Platte River between 1938 and
1995 based on aerial photographs. Channel area in 1938 set at 100%. Sites along the
Central Platte River are listed from west to east: Odessa, Kearney East, Shelton, and
Wood River. After Johnson (1997).
1981; Johnson 1994). Open channel areas have been replaced by cotton-
wood and willow woodlands. Woodland expansion into the North and South
Platte Rivers began around 1900, and it spread downstream into the Platte
River between the 1930s and the 1960s (Johnson 1994). Area of forest and
open channel stabilized in the 1960s (Fig. 2), and the proportions have
persisted to the present (Johnson 1997).
Dominance by cottonwood and willow on new sandbars can be ex-
plained by their life history characteristics. These characteristics include:
large, dependable seed crops that are effectively dispersed by wind and
water to optimal germination sites; rapid germination; rapid root and height
growth to withstand flooding, drought and sedimentation; and, tolerance to
low soil fertility (Johnson 1994).
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The rate of woodland expansion is controlled by streamflow in June
(Johnson 1994). Peak numbers of germinable seed of cottonwood and wil-
low occur in June. Reductions in flow for irrigation and for filling reservoirs
at this time expose much of the riverbed, stimulating seedling recruitment
and allowing woodland expansion (Johnson 1994).
Woodland expansion into the Platte River may not benefit all species.
For example, more woodland reduces the area of open channels used for
roosting by Whooping and Sandhill Cranes during migration or for nesting
by the Piping Plover and Least Tern (Johnsgard 1984; Faanes and LeValley
1993). On the other hand, woodland expansion may produce a habitat wind-
fall for nesting populations of some Neotropical migratory birds. Many of
these have declined in numbers as forest habitat has declined, both on their
breeding grounds in North America and on their wintering grounds in the
tropics and subtropics (Terborgh 1989; Robinson et al. 1997). Many of the
cottonwood forests on the Platte River are of a mid-successional age which
support a high density and diversity of passerine avifauna (Colt 1996).
Contrast Between the Missouri and Platte Rivers
The response of a river to damming and diversion varies according to
many factors, including: geomorphology, type and magnitude of water re-
source development, grazing intensity, and agricultural activity (Petts 1984).
The Platte and Missouri Rivers have similar climate and vegetation. Yet,
these rivers responded differently to streamflow regulation. The meandering
channel of the upper Missouri River stabilized and became unsuitable for the
establishment of new forest. However, the braided channel of the central
Platte River narrowed quickly and much of its active channel became for-
ested.
River type is a key factor in determining the response of riparian
vegetation to streamflow regulation, as evident in the opposite responses of
the meandering Missouri River and braided Platte River. Moderate-to-high
flow events are important channel-forming processes in both types of rivers,
but they affect vegetation differently. In the Platte River, high flows inhibit
tree recruitment and maintain wide channels. In the Missouri River, high
flows cause the point bar formation needed for the establishment of pioneer
forests.
The rivers also differ in the type and magnitude of water development
and use. Both river systems are dammed, but only the Platte River has a large
proportion of its flow diverted for cropland irrigation (Johnson 1998). Thus,
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the Platte River has experienced a cut in both peak flows and total annual
flow, while the Missouri River has experienced only reduced peak flows.
Foster Creek, South Dakota
Foster Creek, a tributary of the Cheyenne River, illustrates how small
streams can be heavily impacted by local land use. Foster Creek runs through
the Mortenson Ranch, located on the Cheyenne River arm of the Oahe
Reservoir of the Missouri River in Stanley and Haakon Counties, western
South Dakota. In 1890, the landscape that now comprises a single, large
ranch was divided among many settlers, each with 160 acres allocated by the
Homestead Act of 1862. Land was homesteaded during the early 1900s, and
cultivation was required even if the soils were fragile (Boettcher et al. 1998).
Grasslands were plowed, wooded draws were overgrazed, and trees were cut
down for houses, barns, and fences (Mortenson and Boettcher 1993). Culti-
vation and grazing in landscapes with erodible soils, steep topography, and
sparse rainfall, followed by drought in the 1930s, created severe erosion.
Stream channels became gullies, draining streamside aquifers needed to
sustain riparian vegetation. All these factors, along with a loss of native
woodlands and wildlife, resulted in economic and ecological ruin. And, by
the 1930s, most of the settlers had left.
Louis Young, one of the first homesteaders near Foster Creek in the
early 1890s, described the pre-settlement landscape to Clarence Mortenson
in 1942: "The creeks could be crossed with a team and buggy at a trot, and
they were tree-lined. Water holes that never went dry existed about every
mile along the creek, and the grass was belly-deep on a team of horses"
(Boettcher et al. 1998). This description contrasted greatly with the deep
gullies present in the 1940s and prompted Clarence Mortenson to attempt to
re-create the scene described by Louis Young. Ever since, the Mortenson
family has been engaged in restoring their degraded rangeland to its pre-
settlement condition, while still maintaining a profitable cattle ranching
operation. Their goals include: rehabilitate the land and water; improve the
quality and quantity of forage for cattle; increase the diversity of wildlife
habitat; and, reestablish the trees and shrubs in draws and riparian areas as
shelter for both cattle and wildlife (Boettcher et al. 1998).
Restoration of the Foster Creek drainage has involved a change in
grazing management to reduce runoff and improve percolation (Boettcher et
al. 1998). The first step for the riparian stream-side areas was to design and
construct small dams to rebuild and elevate the floodplain along Foster
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Figure 3. Mortenson Ranch landscape in 1998 showing a small dam and impoundment,
riparian vegetation, and scarp (upland) woodland.
Creek. There are now 50-60 dams of various sizes and uses on the ranch (Fig.
3). These dams have been built for multiple purposes, including groundwa-
ter replenishment, stock water provision, and wildlife enhancement.
Turning an eroded gully into a sub-irrigated, well-vegetated riparian
corridor (Fig. 4) requires time. The small dams and new vegetation collect
sediment, making the stream higher, wider and shallower. Raising the flood-
plain rebuilds the streamside aquifer that sustains woody vegetation during
droughts. The second step was to eliminate summer grazing riparian areas.
The construction of small dams and a change in grazing in management
led to the establishment of trees and thickening of the vegetation in draws
and in riparian areas. Trees, grasses, and wildflowers have returned to the
ranch in increasing numbers, mostly through natural regeneration. Now, the
Mortenson family can harvest and sell seeds to native plant nurseries from
dozens of species found on the ranch.
Restoration of riparian areas along Foster Creek also has increased
native animal populations. Some of the species returning include many
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Figure 4. Process of riparian zone healing. Dams and new vegetation collect sediment and
raise the floodplain level, building the streamside aquifer and sustaining woody vegetation
during droughts. After Boettcher et al. (1998).
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Neotropical migrant birds, sharptail grouse, and beaver. The natural dam
building activity by beavers slows waterflow and so contributes to the re-
plenishment of the stream's aquifer.
Conclusions
It is difficult to generalize the impact of human alteration and remedial
methods on the vegetation of rivers and streams of the Great Plains. Larger
rivers are impacted greatly by dams and diversions, yet the response to
streamflow regulation differs greatly among rivers (Friedman et al. 1998).
Braided streams, like the Platte River, respond by channel narrowing and
woodland expansion. However, meandering streams, such as the Missouri
River, respond by cessation of channel migration across the floodplain and
failure to support regeneration of pioneer forest communities. The repercus-
sions of water development include major alterations of: the spatial pattern
and dynamics of corridor vegetation, the biodiversity, and the steady-state
conditions achieved after adjustment (Johnson 1998). So, does river regula-
tion cause an increase or a decrease in biodiversity? Clearly, for meandering
rivers, the loss of the pioneer organisms and the homogenization of the
floodplain environment reduces biodiversity. For braided rivers, however,
the answer may be the opposite. Biodiversity may increase as long as suffi-
cient open channel habitat is maintained and as long as the new woodland is
composed primarily of native species.
The 20th century was an era of dam building. The 21st century will be
an era of stream corridor restoration and, perhaps, even dam busting (Joseph
1998). For restoration to be successful, the differences among rivers, in
physical makeup and in their responses to regulation, must be acknowledged
and factored into management prescriptions. The different responses of
these three riparian corridors indicate a need to tailor corrective or restor-
ative measures. Methods to regenerate cottonwood forests along the Mis-
souri River include tree planting and use of prescribed peak flows. One
method to prevent further narrowing of the Platte River is to augment June
flows to cover all unvegetated sandbars, thereby preventing tree seeds from
germinating in the active channel. Akey to restoring function and biodiversity
in small streams of the western USA is to modify grazing practices so that
more water remains in the soil, streams, and subsurface aquifers to raise
productivity and to sustain the more drought-sensitive elements of the land-
scape. The influence of surrounding land use can overwhelm processes
affecting the vegetation along small streams. Thus, as we enter a new phase
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of riparian ecology, in which the goal is to rehabilitate and restore rivers and
streams, recognition of the individuality among streams and the wide range
of human impacts will be critical to success.
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